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This Class “B” Relay meets stresses at critical areas 
. the stresses and strains of hundreds of millions of 


operations . . with advanced features that are 
standard equipment. 


The conventional backstop has been eliminated. 
Working tips of the armature arms rest against 
non-magnetic discs, spot-welded on the heelpiece at 
points of contact with the armature, to prevent magnetic 
“freezing”. There is one less part subject to breakage, 
wear and need for readjustment. 


Armature arms are extra-thick, designed to liandle any 
spring load, even under constant, heavy use. There is 
no “sagging off” or any other such loss of stroke. 


The bearing pin is fixed to the armature, and turns in a yoke 
with a large bearing surface, packed with solid, long-lasting 
lubricant. A wear-resisting plate gives the bearing pin 

a full-length bearing surface. The bearings last and last 
and last! The air-line remains clearly visible, can 

be checked easily. 


Dome-shape buffer design eliminates “wearing-in”, 
distributes spring pressure evenly, reduces wear and 
contour changes. Buffer material wears like iron! 


For exceptional sensitivity, performance and durability, 
specify this member of the Automatic Electric relay 
family. Complete data is yours for the asking. Write: 
Automatic Electric Sales Corporation, 1033 W. Van Buren 
St., Chicago 7, Illinois. In Canada: Automatic Electric 
Sales (Canada) Ltd., Toronto. Offices in principal cities, 


Six different types of Class “B” Relays are available to 
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Contacts—Normally twin. Load carrying capacity, 
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springs per pile-up. Series BMS, 1 or 2 snap-action switches, 
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upon number of springs) ; height, 142”. Series BMS— 
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Longer Articles. One or two of our readers 
have told us that the articles we publish are 
too short. In this issue we devote nearly ten 
pages to an article by E. L. Gruenberg of a- 
bout 6000 words; this article seems tous thouht- 
ful, penetrating, and important; and although 
it is twice as long as our usual longest arti- 
cle, we think it should be published. 





Comments on this article (and on any other in- 
formation that we publish) are invited from 
any reader who feels inclined to comment. We 
desire to be of service to our readers. 


Who's Who, 1954 Compilation. We are consider- 
ing publishing "Who's Who in Computers and 
Automation" 1954, in a single alphabetical list. 


If any reader, since the time his entry was 
published last year, has any changes to report, 
in address, affiliation, title, interests, etc, 
now is the time for him to report them to us. 
A style of form for the Who's Who entry appears 
on page 33. 


Roster of Automatic Computing Services. In 
this issue we begin a new piece of reference 
information: a roster of organizations which 
offer computing services and which possess an 
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automatic computer either digital or analog. 
We shall be grateful for any additions or cor- 
rections which any reader is able to send us. 





Notice. COMPUTERS AND AUTOMATION is published 
ten times a year, monthly except June and Aug- 
ust, by Edmund C. Berkeley and Associates, 4 
West 11 St., New York 11, N.Y., and 815 Wash- 
ington St., Newtonville 60, Mass. Copyright, 
1954, by Edmund Callis Berkeley. Subscription 
rates: $4.50 for one year, $8.50 for two years, 
in the United States; $5.00 for one year,$9.50 
for two years, in Canada; $5.50 for one year, 
$10.50 for two years elsewhere. Advertising 
rates: see page 36. Entered as second class 
matter at the Post Office, New York, N. Y. 


Address Changes. If your address changes, please 
notify us giving both old and new addresses, 
and allow three weeks for the change. 





Back Copies. See the information on page 3l. 


Manuscripts. For manuscripts wanted see the 
note on page 10, 





PUT THIS HYSTERESIS LOOP TO 


You probably have been intrigued or are allready 
working with the new nickel-iron alloy which 
has this bi-stable hysteresis curve, It makes pos- 
sible pulse storage without power, pulse transfers 
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Once magnetized, removal of the magnetizing force 
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LANGUAGE TRANSLATION BY MACHINE —- 


A REPORT OF THE FIRST SUCCESSFUL TRIAL 


Neil Macdonald 


On January 7, 1954, at a press conference 
in the office of International Business Mach- 
ines Corporation in New York, the IBM 701 
electronic data processing machine located 
there presented the first successful demon- 
stration of meaningful translation from one 
language to another language by machine. Al- 
though this demonstration was simply a trial 
of machine translation, involving a vocabulary 
of only a few hundred Russian and English 
words, its success is full of significance 
and exciting promise for the future. 


The success was due to a year and a half 
of cooperative effort by the Institute of Lang- 
uages and Linguistics of Georgetown University, 
Washington, D. C., and the IBM Corporation. 
On the part of the Institute, those most con- 
cerned with the achievement were Dr. Leon 
Dostert, Director of the Institute, planner, 
organizer, and sparkplug of the project, and 
Dr. Paul Garvin, linguist in twelve languages, 
and main architect of the linguistic transla- 
tion scheme. On the part of IBM, thosemost 
concerned were Dr. Cuthbert C. Hurd, Director 
of the Division of Applied Science, Mr. Peter 
Sheridan, mathematician and composer of the 
IBM 701 program which accomplished the trans- 
lation, and Mr. Thomas J. Watson, Chairman of 
the Board of IBM, who authorized and encouraged 
the research project. 


The Nature of the Trial 


A total vocabulary consisting of 250 Russ- 
ian words (in latinized spelling) relating to 
the fields of politics, law, mathematics, chem- 
istry, metallurgy, communications, and military 
affairs was punched on punch cards. Associated 
with each Russian word and punched on the same 
card were one or two English equivalent words, 
and three codes designated as lst, 2nd, and 
3rd. These codes (linguistically they can be 
considered "diacritical marks") together with 
the program caused appropriate translation. 
For example, different meanings of words could 
be selected. The order of words in Russian 
could be left unchanged or could be altered in 
a specified way, as might be indicated. A word 
could be treated as a whole or could be divided 
into a root and a suffix. And so forth. 


An extract from the dictionary is shown 
on page 10. 


To set up the computer for the language 
translation trial, the punch cards were run 
into the machine and their information stored 
on the magnetic drums, taking up the space of 
6000 machine words of 36 binary digits each. 


Next, the program developed for purposes 
of translation was run into the machine. This 
program consisted of about 2400 program steps 
or instructions. The general scheme of the 
program is shown in Figure 1, Dictionary Syn- 
tax Flow Chart. 


Finally, a number of Russian sentences 
staying within the vocabulary and the linguist- 
ic constructions planned for, were given to 
the machine. With about 5 to 8 seconds of mach- 
ine computation for each one, the output print- 
er of the IBM 701 proceeded to write out trans- 
lations of the sentences. Examples follow: 


KACHYESTVO UGLYA OPRYEDYELYAYETS YA KALORYIYN- 
OSTJYU 


The quality of coal is determined by cal- 
ory content. 


KRAXMAL VIRABATIVAYETSYA MYEX ANY ICHYESKYIM PU- 
TYEM YIZ KARTOFYELYA 
Starch is produced by mechanical methods 
from potatoes. 


VYELYICHYINA UGLA OPRYEDYELYAYETSYA OTNOSHYEN- 
YIYEM DLYINI DUGI K RADYIUSU 
Magnitude of angle is determined by the 
relation of length of arc to radius. 


OBRABOTKA POVISHAYET KACHYESTVO NYEFTYI 
Processing improves the quality of crude 
oil. 


MI PYERYEDAYEM MISLYI POSRYEDSTVOM RYECHYI 
We transmit thoughts by means of speech. 


ZNYELYEZO DOBIVAYETSYA YIZ RUDI XYIMYIGCIYESK- 
YIM PROTSYESSOM 


Iron is obtained from ore by clenical process. 


VOYENNIY SUD PRYIGOVORYIL SYERZHANTA K LYISH- 
YENYIYU GRAZHDANSKYIX PRAV 
A military court sentenced a sergeant to 
deprival of civil rights. 


VLADYIMYIR YAVLYAYETSYA NA RABOTU POZDNO UTROM 


Vladimir appears for work late in the mom 
ing. 
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Figure 1 -- Dictionary Syntax Flow Chart 
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LANGUAGE TRANSLATION 


MYEZHDUNARODNOYE PONYIMANYIYE YAVLYAYETSYA VA- 
ZHNIM FAKTOROM V RYESHYENYIYI POLY ITY ICHYESK- 
YIX VOPROSOV 
International understanding constitutes 
an important factor in decision of poli- 
tical questions. 


KOMANDYIR POLUCHAYET SVYEDYENYIYA PO TYELYE- 

GRAFU : 
A commander gets information over a tele- 
graph. 


DOROGI STROYATSYA YIZ BYETONA 
Roads are constructed from concrete. 


DY INAMYIT PRYIGOTOVLYAYETSYA XYIMY ICHYESKYIM 
PROTSYESSOM YIZ NYITROGLYITSYERYINA S PRYIM- 
YESJYU YINYERTNIX SOYEDY INYENY IY 
Dynamite is prepared by chemical process 
from nitroglycerine with admixture of ir 
ert compounds. 


How Do the "Codes" Work? 


Now it can be seen from the discussion so 
far that an important part of the success of 
this first trial run of. machine translation 
is the way in which the codes work. They cause 
words and word order to be selected and arrang- 
ed according to six "rules of operational syn 
tax". These six rules are stated in Figure 2, 
and under them is shown the way in which they 
work for a sample Russian sentence, which when 
transiated is "magnitude of angle is determined 
by the relation of length of arc to radius". 


According to Dr. Dostert, the rules of op- 
erational syntax that would be required for the 
translation of any Russian sentence into English 
might number a hundred; but for great numbers 
of sentences, and in particular for all the sen- 
tences of the type included in the experiment, 
the six rules were sufficient. 


The effect of the codes and the rules is 
to fix the alternative meanings of the word, 
and enable the machine to determine the right 
meaning out of several possible meanings. The 
codes take into account the sentence structure, 
the word structure, the nature of the prefixes 
and suffixes, the context, etc.; they recognize 
a series of structural patterns or syntactic 
structures. 


In fact, before the translation scheme 
was given to the IBM 701 programmers to convert 
into a series of instructions to the machine, 
Dr. Dostert and Dr. Garvin got hold of people 
who did not know Russian, gave them Russian 
sentences written in Roman characters, and a 
set of cards. The non-Russian speaker would 
look at a word and look it up in his cards. In 
his cards he found the word and instruction 
numbers. Then he would refer to the cards 


bearing the instructions. At the end of about 
five minutes, the non-Russian would come ou t 
with the correct translation of the Russian 
sentence in English. Then the Georgetown men 
knew they were on the right track, because they 
had succeeded in reducing the whole prowess to 
the capacity to read instructions and carry 
them out, which of course the machine could 
perform. 


How Did the Translation Project Come About? 


For about ten years a number of scholars 
in various institutions have been thinking as 
individuals about the possibility of formulat- 
ing an adequate set of instructions so that an 
electronic computer would be able to transfer 
meaning from one language into another language. 
Much of the research was largely conjectural. 
Dr. Erwin Reifler of the University of Washing- 
ton, Dr. Y. Bar Hillel then at Mass. Inst. of 
Technology, and others, formulated various 
theories and advanced various plans. 


A conference on machine translation took 
place at MIT in June, 1952. This conference 
was held with the support of the Rocke feller 
Foundation and with the very active interest 
and support of Dr. Warren Weaver of the Found- 
ation. 


Dr. Dostert attended the conference; he 
went there rather skeptical about the whole i- 
dea, but came away convinced that the only way 
to put an end to many hypothetical disputes 
would be to try to make a simple, yet not too 
extensive, test of the feasibility of mechan- 
ical translation. After discussing it with 
some of his associates in Georgetown, he took 
the subject to IBM, and there met a sympathetic 
and helpful reception. Thus the project was 
launched, in terms of trial with a glossary of 
250 Russian words. 


What Will the Project Lead to? 


Many exciting possible developments are 
indicated by the success of the trial, accord- 
ing to Dr. Hurd and Dr. Dostert. 


Linguists will be able to study a language 
in the way that a physicist studies material 
in physics, with very few human prejudices and 
preconceptions, because the language has tobe 
reduced to its operational characteristics in 
order to be handled electronically. 


The technical literature of Germany, Rus- 
sia, France, and the English-speaking countries 
will be made available to scientists of other 
countries as it emerges from the presses. 


Technical know-how will be rapidly avail- 
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LANGUAGE TRANSLATION 


Rules of Operational Syntax 


RULE 1: REARRANGEMENT 


If first code is ‘110°, is third code associated with 
preceding complete word equal to ‘21°? If so, re- 
verse order of appearance of words in output (i.e., 
word carrying ‘21° should follow that carrying 
*110°)—otherwise, retain order. 


In both cases English equivalent I associated with 
‘110° is adopted. 





RULE 4: CHOICE—PREVIOUS TEXT 
If first code is ‘141°, is second code of preceding 
complete word or either portion (root or ending) 
of preceding subdivided word equal to ‘241° or 
*2-42°? If it is ‘241°, adopt English equivalent I of 
word carrying ‘1 #1°-if it is ‘242° adopt English 
equivalent IL 


In both cases, retain order of appearance of words 
in output. 


SOURCE 
SENTENCE: 





RULE 2: CHOICE—FOLLOWING TEXT 
If first code is ‘121°, is second code of the follow- 
ing complete, subdivided or partial (root or end- 
ing) word equal to ‘221° or ‘222°? If it is ‘221°, 
adopt English equivalent I of word carrying ‘121°; 

if it is ‘222°, adopt English equivalent II. 

In both cases, retain order of appearance of output 

words. 


CHOICE—REARRANGEMENT 


If first code is ‘131°, ix third code of preceding 


RULE 3: 


complete word or either portion (root or ending) 
of preceding subdivided word equal to ‘23°? If so, 
adopt English equivalent II of word carrying ‘131°, 
and retain order of appearance of words in output 
-if not, adopt English equivalent I and reverse 
order of appearance of words in output. 





RULE 5: CHOICE—OMISSION 


If first code is ‘151°, is third code of following 
complete word, or either portion (root or ending) 
of following subdivided word equal to ‘25°? If so, 
adopt English equivalent H of word carrying “151° 
-if not, adopt English equivalent 1. 


In both cases, retain order of appearance of words 
in output. 


vyelyichyina ugla opryedyelyayetsya 


otnoshyenyiyem dlyini dugi k radyiusu. 


ANALYSIS: 


RULE 6: SUBDIVISION 


If first code associated with a Russian dictionary 
word is ****’, then adopt English equivalent I of 
alternative English language equivalents, retaining 
order of appearance of output with respect to 


previous word. 
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TARGET 
SENTENCE: 


magnitude of angle is determined by 


the relation of length of arc to radius. 


Figure 2 -- Rules of Operational Syntax, and a Sample Sentence Translated 
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LANGUAGE TRANSLATION 


able to the under-developed areas of the world, 
such as Pakistan, Indonesia, Yugoslavia, the 
Arab world, in their own languages. Divisions 
of the U. S. Government may well be interested 
in picking up and carrying forward this devel- 
opment. 


A problem in an entirely new field of the 
social sciences has been solved. 


of considerable use in the design of information- 
handling machinery particularly adaptable t o 
language translation. 


But of course it must be emphasized that 
a vast amount of workis still needed, to render 
mechanically translatable more languages and 
wider areas of a language. For 250 words and 
6 syntactical structures are simply a "Kitty 
Hawk" flight. 


Information from this experiment will be 





EXTRACT FROM DICTIONARY 


English Equivalents: 





Russian Word a 

k to 
kyislorodn- oxygen 
lyishyenyi- deprival 
matyeryial- material 
mi we 

mislyi thoughts 
mnog- many 

myedj copper 
myest- place 
myexany ichyesk- mechanical 
mye zhdunarodn- international 
na on 
napadyenyi- attack 
nauka a science 
obrabotka processing 
obwyekt- objective 
ofyitsyer- an officer 
-0go of 

-on by 
opryedyelyayet determines 
opryedyelyayetsya is determined 
optyichyesk- optical 
orudyiye gun 
otdyel- section 
otdyelyenyiye division 
otnoshyenyi- relation 











il Code Code Code 
for 121 wa 23 
sich week esa # ) 
ae oe = 202s 
HH wet ed 
wists a 23 
icin sek a ee 
a ans om ’ 
ies wis 2] 
site ae ae 23 
seed 242 we 
sain ak we 
for 121 ‘ween 23 
attacks 121 ee “i 
ead st 242 a 
ore wea wae aa 
objectives 121 a *% 
the officer **% ee a ee 
Pre 13] GH 23 | 
ws ses é 

131 we 2 ee | 
sion eK wee ee 
aeok% ene ene os 
-_— RN ea a oe 
nih eS ee 
sai aed eae eee %% 
squad 121 242 i | 
the relation 151 ka wk | 








Manuscripts. We desire to publish articles 
that are factual, useful, understandable, and 
interesting to many kinds of people engaged in 
one part or another of the field of computers 
and automation. In this audience are many 
people who have expert knowledge of some part 
of the field, but who are laymen in other parts 
of it. Consequently, a writer should seek to 
explain his subject, and show its context and 
significance. He should define unfamiliar 
terms, or use them in a way that makes their 
meaning unmistakable, He should identify un- 
familiar persons with a few words. He should 
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use examples, comparisons, analogies, etc., 
whenever they may help readers to understand 
a difficult point. He should give data sup- 
porting his argument and evidence for his as- | 
sertions. An article may certainly be contro- 

sial if the subject is discussed reasonably. 
Ordinarily, the length should be 1000 to 4000 | 
words, and payment will be $10 to$50 on ac- | 
ceptance. A suggestion for an article should 
be submitted to us before too much work is 
done. To be considered for any particular 
issue, the manuscript should be in our hands 
by the 5th of the preceding month. 















The purpose of this Roster is to report organiza- 
, tions (all that are known to us) offering automa- 
tic computing services and having at least one 
automatic computer, either analog or digital. Each 
Roster entry contains: name of the organization, 
its address / analog or digital computation pro- 
vided / notes on equipment / any restrictions as 
| to clients. 


We shall be grateful for any additions or correc- 
tions that any reader is able to send us. 


Some of the abbreviations are as follows: 


A analog anal analyzer 
) D digital diff differential 
govtO primarily available to government 


agencies or contractors only 
CPC IBM card programmed calculator 
i ROSTER 


Askania Regulator Co, 240 East Ontario St, Chica- 
go 1l, Ill / A/ Philbrick 


Battelle Memorial Inst, 505 King Ave, Columbus 1, 
Ohio / A, D/ diff anal, CPC, punch card | 


Burroughs Adding Machine Co, 511 No Broad St, Phi- 
ladelphia 23, Pa / D / Burroughs Laboratory Com- 
puter 


Computer Research Corp, 3348 West El Segundo Blvd, 
Hawthorne, Calif / D / Cadac 102A, etc 


i Engineering Research Associates, Division of Rem- 
ington Rand, 555 23rd St South, Arlington 2, Va/ 
5 D / ERA 1101 


General Electric Co, Schenectady, N.Y. / A/ net- 
work anal AC and DC, diff anal 


The George Washington University, Logistics Re- 
| search Project, 707 22nd St, Washington, D C/ 


D / ONR automatic relay computer 
Financial Publishing Co, Mathematical Tables Div, 
i 82 Brookline Ave, Boston 15, Mass / D/ CPC's, 
punch card 


Harvard Computation Laboratory, Harvard University, 


ROSTER OF AUTOMATIC COMPUTING SERVICES 


(Information as of January 10, 1954) 


National Bureau of Standards, Applied Mathematics 
Laboratory, Washington, D C / D/ Seac, Dyseac, 
punch card / govtO 


National Bureau of Standards, Institute for Nu- 
merical Analysis, 405 Hilgard Ave, Los Angeles 
24, Calif / D / Swac, etc 


Northrop Aircraft, Inc, Director of Computing, 
Hawthorne, Calif / A, D / CPC's, Maddida, Bi- 
nac, punch card, etc 


G A Philbrick Researches, Inc, 230 Congress St, 
Boston 10 , Mass / A/ Philbrick 


Purdue Univ, Dept of Math, Lafayette, Ind / D / 
CPC, punch card 


Raytheon Mfg Co, Computing Services Section, Wal- 
tham, Mass / D / automatic electronic digital 
computer, etc 


Reeves Instrument Co, 215 East 91 St, New York, 
NY / A/ Reac 


Remington Rand, Inc, 315 4th Ave, New York, N Y/ 
D / Univac, punch card, etc 


Scientific Computing Service, Ltd, 23 Bedford 
Sq, London WC 1, England / D/ - 


Swedish Board for Computing Machines, Drottning- 
atan 95A, Stockholm, Sweden / D / Bark, Besk 


Telecomputing Corp, 133 East Santa Anita Ave, 
Burbank, Calif / A, D / IBM punch card, CPC's, 
automatic graph readers, digital plotters 


CS 


S Air Force, Computation Research Section , 
Wright Air Development Center, Wright Patter- 
son Air Force Base, Dayton, Ohio / A,D / CPC's, 
Reac's, punch card / govtO 


U S Army, Ballistic Research Laboratories, Aber- 
deen, Md / D/ Ordvac, Edvac, Eniac, Bell Model 
V, CPC, punch card / govtO ' 


cq 


S Navy, Naval Proving Ground, Dahlgren, Va / 
D / Harvard Mark II, Harvard Mark III, punch 
card / govt0 


University Mathematical Laboratory, Free School - 
Lane, Cambridge, England / D / Edsac 














0. aN ere 4 Mass / D / Harvard IBM Mark I, University of Michigan, Willow Run Research Cen- 
tant mere ree ter, Ypsilanti, Mich / D / Midac, etc 
sup- International Business Machines Corp, 590 Madison tate: at Reman: ee , 

y , tat ‘ : 
5 as- Ave, New York, N Y, and elsewhere / D / IBM 701, noe cencde 18 / cies. Centre, Toronto 
ntro- 650, 604, CPC, punch card, etc . 
oly. I Univ of Wisconsin, 306 North Hall, Madison 6, 


4000 Mass Inst of Technology, Center of Analysis, Cam- 


Wisc / A, D / Philbrick, CPC, punch card 
bridge 39, Mass / diff anal, punch card 


, Mi Wayne University, Computation Laboratory, Detroit 

1ou Moore School of Electrical Engineering, 200 South 1, Mich 7 A, D/ diff anal, Burroughs Unitized 
1s 33 St, Phila 4, Pa / A, D/ diff anal, CPC , Digital Electronic Computer, etc 

ular punch card 

and s Westinghouse Electric Corp, Industry Engineer- 


ing Dept, East Pittsburgh, Pa / A, D / Anacom, 
network anal AC and DC, punch card 





REFLECTIVE THINKING IN MACHINES 


by E. L. Gruenberg, 


W. L. Maxson Corporation, New York } 


The possibility that thinking may occur 
in machine-like devices has caught the imag- 
ination of psychologists, engineers, mathema- 
ticians, and the readers of science fiction, 
(1,2,3) Much controversy exists as to whether 
the activity in modern computing machines can 
be considered thinking, or at least equivalent 
to the mental activity carried on by human be- 
ings. Often it seems to be taken as axiomatic 
by those who speculate on this subject that 
creating machines that could ape human thinking 
would be desirable. Yet little attention is 
paid to considering what possible gain might 
accrue from the use of such machines as opposed, 
for example, to what might be achieved by de- 
signing machines solely to perform repetitive 
operations in computation. 


Much of the disagreement on the subject 
stems from the use of differing definitions. 
E. C. Berkeley (4) maintains, "a machine can 
nandle information, calculate, conclude, choose, 
perform reasonable operations with information. 
A machine, therefore, can. think." This def- 
inition appears too broad for M. V. Wilkes (5) 
since by a reasonable interpretation of this 
definition one can conclude that an automatic 
block signal can think. Mr. Wilkes then de- 
cides that imitation of human behavior is a 
better standard of thinking and uses this as 
his definition. In all fairness, it shouldbe 
pointed out that later on in his book, Mr.Berk- 
eley states that machines cannot yet do creat- 
ive thinking. 


Perhaps some of the difficulty arises 
from not adopting a specific definition that 
will mark out the kind of human thinking of 
most value. The kind of thinking of greatest 
value to human beings is reflective thinking. 
This is the kind of thinking that is used to 
change doubtful into settled situations. 


Let us turn to the philosopher John Dewey 
(6,7) for a definition of reflective thinking: 
"It is that operation in which present facts 
suggest other facts in such a way as to induce 
belief in what is suggested on the ground of 
real relation in the things themselves." (6,7) 
Wherever and whenever human beings are faced 
with recognizing and solving problems, this 
type of intellectual activity will be found. 


wa? 


Basically it is such thinking whichhas extend- | 
ed civilization and made scientific advances, | 
and which is essential to the carrying on of 
business and’ government. Exercise of this 
thought process is what gives man anever wid- 
ening control of the world. It is a purpose 
of this article to determine whether machines 
can do reflective thinking. 


~~ 


John Dewey made a masterful analysis (6) 
of this kind of thinking with the aim of im- 
proving methods of teaching. From his view 
point, the objective of teaching should be the 
stimulating of reflective thinking in human 
beings, particularly children. In his book, 
"How We Think", an interesting picture of the 
process of reflective thought can be found, 
Let us then speculate on the following ques- | 
tions: 


— 


1. Can each step of the process of re- | 
flective thinking be performed by a 
machine working on principles now 
understood? 

2. If each such step can be performed, | 
can a single machine do reflective 
thinking? 


3. Would it be desirable to construct 
such a machine? What would be 
gained? 


4. How would such a machine differ 
from human beings? Would it be able 
to acquire human experience? | 





Our method of approaching these questions 
will be first, to set forth the characteristics 
of the process of reflective thinking as it is 
understood to exist in human beings; then, to 
determine whether such a process could be car | 
ried out by man-made machines; andfinally, to 
consider the possible consequences of such an 
achievement. 


} 
I 


The Raw Material of the Thought Process 
To begin with, thinking in human beings 


proceeds from raw ideas or suggestions which 
occur spontaneously. This implies that human 
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beings do not have full control of their own 
thinking process. It is true that the mind 
cannot be stopped by its owner: "The human 
understanding is unquiet; it cannot stop or 


-rest; and still presses onward, but in vain". 


(8) The raw ideas or suggestions arise from 
the experience of the individual and result 
from an association with an object, causality, 
or event. 


This lack of control of the thought pro- 
cess is a fundamental stumbling block to the 
training of the human mind to think. If indi- 
viduals cannot control their own minds, how 
can one individual train another's mind? The 
answer is that the conditions that give rise 
to the raw ideas, the suggestions, can be con- 
trolled; the events or objects which most like- 
ly will lead to the suggestions can be placed 
before the individual. His thinking can be 
directed but his thought process cannot be con 
trolled. 


The ability to think is greatly influenc- 
ed by the range, depth, and speed of the sug- 
gestions which occur to the individual when 
subject to the underlying situations. These 
also are factors not entirely under control of 
the individual. 


The suggestions which arise out of the ex- 
perience of the individual must be in terms 
meaningful to him. Two phenomena enhance the 
acquiring of meanings by the individual; they 
are concepts and language. Concepts are mean- 
ings which have become standardized. They can 
be reused with assurance, and can be related 
to a system. The function of language is to 
select, preserve, and apply specific meanings. 
Words act (1) to delineate or fence off mean- 
ings, (2) to identify them, and (3) to carry 
or communicate them. 


The process of forming suggestions into 
concepts constitutes the learning process of 
the individual. For at the start of the human 
being, all things are vague, hazy, and doubt- 
ful: the child only gradually achieves mastery 
over his body and only gradually achieves avare- 
ness of the world around him, as he increases 
his store of concepts. 


If the thinking machine we propose to 
construct — or at least outline — is to re- 
semble the human. thinking being, it will have 
to possess six basic characteristics of the 
process of reflective thought. 


First, there must exist a way of sensing 
objects and events. This sensing activity is 
meant in the broadest sense. It includes the 
ability to sense light, temperature, the size 
of objects and the occurrence of these pheno- 
mena in terms of time. 
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— 


Second, there must exist a way of storing 
sensations; this is memory. In other words 
the machine must have a way of acquiring ex- 
perience. 


Third, responses within the machine would - 
be evoked automatically upon the reception of 
sensations. These are the suggestions or raw 
ideas. 


Fourth, the responses and sensations would 
be formed in terms of a language, so that the 
sensations would acquire meaning and could dev- 
elop into standardized meanings or concepts. 


Fifth, the machine would possess the abil- 
ity to recognize similarities and differences 
in new situations compared with situations 
already stored in its experience. In this 
way the machine could acquire new concepts. 
This process repeated over and over will en- 
able it to learn. 


Sixth, for the machine to be useful, or 
at least to be recognized as a thinking enti- 
ty, the machine must possess a way of commun- 
icating results of thought to the outside world 
in some manner intelligible to human beings. 


What about emotions? Emotional drives 
are basic to all human activity. As John 
Morley puts it in his book, "Rousseau", "All 
good things come from the heart, but must go 
through the head." This is an eloquent way of 
saying that the best employment of our feelings 
is to start the thinking process going. Prob- 
ably Lindbergh did not rationally choose fly- 
ing; he did so to satisfy a desire for advent- 
ure, and because of the thrills associated with 
the flying experience. But emotions are not 
part of the thinking activity. We can conceive 
of machines, having only the above six attri- 
butes, being able to do rational thinking 
without the motivating drive of emotions. They 
will automatically process appropriate data 
they take in by way of their sensations and 
with no other drive but electric power. 


Do Computers Possess the 
Essential Elements for Thinking? 


Let us pause briefly to consider how many 
of these attributes are possessed by modern 
computing machines. 


All such machines possess sensing elements 
of some kind. In the case of high-speed dig- 


ital computers however, almost all such sensa- 
tions are prepared for it by the programmer. 
In the.case of the IBM 701 data processor, for 
example, the programmer converts the events and 
data into a sequence of commands which are re- 
corded on punched cards and sometimes on mag- 
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netic tape. This particular machine can have 
suggestions only in terms of pulses originating 
in this fashion. There are other digital mach- 
ines which can sense the contour of an object 
which is to be copied or sense a curve printed 
on paper and use this information to control a 
milling machine which will cut this curve. We 
can say that computing machinery at presentcan 
sense objects and events but only in a limited 
fashion. This means that if they do think they 
must think as specialists. It appears possible 
in the future for such devices to sense the 
human voice in a manner intelligible to the 
machine. When this occurs, their field of 
thinking would be broadened. 


The second attribute is the means of 
storing sensations and acquiring experience. 
A major component of modern digital computing 
machines is memory. High-speed storage is used 
to assist in the momentary computing operation 
which is demanded of the machine from the "sug- 
gestions" received from the punched card or 
other sensing element. Long-term storage is 
required for sensations which are expected to 
be useful in many situations in the future. 
Because of space limitations, not all such 
sensations can be permitted to be retained at 
the machine. For this reason the accumulation 
of experience by the present computing machine 
is rather limited. To enhance it, magnetic tape 
libraries are resorted to. 


High-speed digital computing machines such 
as the IBM 701, Univac,and SEAC, do not respond 
to sensations automatically but require com- 
mands or instructions to direct them how they 
should respond. Special purpose machines how- 
ever, do respond to specific sensations of a 
very limited kind and range in an automatic 
and precise way. The automatic milling mach- 
ine is an example. Many automatic navigational 
computers act in the same fashion. Hence, it 
must be conceded that present-day computers 
suffer from two serious drawbacks in their 
usefulness for thinking processes: (1) the 
kind of response to sensations must be command- 
ed of them, or (2) the range of response to 
sensation is limited when the kind of response 
is automatic. 


The first limitation cannot be considered 
inherent in the machines but one imposed upon 
them by the designers. If the object of the 
machine is to save repetitive operations for 
the human calculator, then it is convenient to 
employ a slave which will follow anestablished 
program of instructions. Thus, the current 
direction of progress in automatic programming 
techniques has not been to eliminate this mast- 
er-slave relationship but rather to reduce the 
number of commands (5,9). Reflective thinking 
cannot be done by an entity tied down by such 
thought control. 


An interesting commentary on the second 
drawback is afforded by the example of the in- 
telligence of birds. Birds, as pointed out 
by Huxley (10), represent the culmination of 
a separate line of evolutionary devel opment 
compared with that which has resulted in man. 
In the case of birds, emphasis was placed by 
evolution upon automatic control, or instinct; 
whereas in man the development of a large mem- 
ory containing 10+Y nerve cells occurred. The 


' frontal part of the brain which contains con- 


scious memory has not developed in birds. 

Hence they do not rely on experience and learr- 
ing but do everything instinctively. They 
fly by instinct (automatic control); they build 
their nests this way. Huxley cites examples 
of birds which see their nests only briefly 
when young and yet when they mature, build 
then exactly as did their parents. Experi- 
ments show that migration in birds is auto- 
matically controlled by the amount of daylight 


they are exposed to. Birds are literally the. 


prototype of present-day guided missiles. 
Given sensations outside of those which oper- 
ate their controls, they give no reasonable 
response. 


In regard to the third attribute, respons- 
es and sensations are formulated in terms ofa 
language in digital machines. It is true that 
this language rests upon a system of numbers, 
but it is-conceivable that certain combinations 
of data may grow to have standardized meanings 
to the machine. It may be that such machines 
can form concepts in a much clearer and more 
dependable fashion than human beings since 
their coding system would rest on more logi- 
cal grounds and their means of standardizing 
meanings would be emotionless and precise. 
A possible advantage of a number language is 
that the meaningful words may be formed by sum- 
ming, multiplying, etc. 


The next attributes relate to the ability 
to learn or form new concepts. Here too we 
find machines are lacking (5,10). Some re- 
flection however, leads one to suspect that 
this lack is not inherent but stems from the 
aim of their designers. Computers have been 
designed to perform those routine operations 
required by complicated or difficult mathemat- 
ical situations or control problems. The ob- 
jective has been to overcome human drudgery, 
not to create an independent source of thought. 
Actually the possibilities of reducing human 
drudgery by building thinking entities are 
probably at least as large as those by design- 
ing routine machines. Consider that program- 
ming of problems for computing machines may 
take two months whereas the computing machine 
does the drudge in two minutes. 


What are required are machines which are 
designed to be able to learn. (5,11) 


a. 














Others such as Wilkes (5), Shannon (11), 
and Oettinger have recognized this need. It 
should be recognized that our concept of learn- 
ing is somewhat broader than that employed by 
them. Learning as used here is the acquisition 
of meaning. To learn as Oettinger conceived 
it, was eventually to repeat automatically that 
which was approved by the instructor. Shannon’ 
maze=solving mouse (11) learned by trial and 
error, but success was rewarded. Neither the 
element of approval or success are fundamental 
to learning, but meaning is. 


For a device to learn, then, it should have 
internal mechanisms and circuits which are able 
to compare new sensations and sequences of sen- 
sations with previous ones and detect similar- 
ities. This activity must go on automatically 
as reception of sensation is received, and the 
storage of new concepts as recognized must be 
automatic. The machine must be able to over- 
ride commands it receives when it has a concept 
stored in it, upon which it can rely with more 
confidence than the command itself. How all 
this might be done will be made clearer when 
we examine the thought process itself. 


One simple computing machine devised by 
Bell Telephone Laboratory engineers did have 
the capacity to learn in a limited fashion. 
This was a relay device made specifically to 
play the game of tic-tac-toe. The machine 
stored sequences of moves it played in a game. 
If it lost on a certain sequence, the machine 
would store this fact. The machine would then 
remember never to use this sequence again. Since 
all this occurred automatically, the machine 
was learning by itself, and eventually had all 
the concepts necessary to always win the game. 


In regard to the sixth attribute, the need 
for communication of results is evident. All 
machines must possess a data readout ora means 
of indicating solutions. However, there would 
need to be some indication of the accumulation 
of standard meanings in the device before it 
could be recognized as a thinking entity. Such 
recognition was possible in the tic-tac-toe 
machine since one was able to tell that it would 
not play the game in the same way once it had 
lost in that way. If the world of ideas were 
to be limited to tic-tac-toe, this machine could 
then be considered to be thinking. Shannon's 
maze~solving mouse, which always took the short 
path once it had found it, is another example. 


The Thought Process 


When a person faces a perplexing situation, 
the opportunity for reflective thinking arises. 
If he recognizes the need for changing this 
doubtful, vague or uncomprehended state of af- 
fairs into a settled and orderly one that fits 
into his framework of beliefs, he begins to 
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reflect. 


Many individuals experience almost 
a physical discomfort when confronted with 
such situations and compelled to apply the 


process of reflective thought. Other people 
simply do not meet the challenge, perhaps from 
lack of related experience, or from torpor, or 
from lack of curiosity. 


Once the challenge is consciously or in- 
stinctively accepted, the human being's thought 
process begins. He observes the facts, gathers 
data. Possible courses of action are suggest- 
ed, but final judgment is suspended. This 
last is a telltale sign of reflection. The 
possibilities or suggested solutions are ideas. 
Then follows a sequence of mental testing of 
solutions as to their consequences, and modi- 
fication of proposed solutions as a result of 
these tests until all known conditions are met. 
And so the process continues, the ideas and 
data are correlated, consequences noted, ideas 
modified, confirmed, or refuted, until at last 
a belief is reached which will resolve the per- 
plexities. 


For example of such a process, we may 
turn to one John Dewey himself describes: 


You are on a ferry boat and you notice a 
pole protruding from the front end of the up- 
per deck, midway across the beam of the boat. 
Your curiosity is aroused because it does not 
appear to have any useful purpose. You begin 
to reflect; for data you note that the pole 
contains no hawsers, such as would be used for 
mounting flags and that one of these poles is 
mounted at each end of the boat. You consider 
possible solutions: lightning rod? no, it is 
made of wood; ornament? no, it is by no means 
a thing of beauty; nor does it seem to have 
provisions for use as a hoist. Afurther fact 
not considered before is its position directly 
in front of the pilot house. This suggests the 
question, "Of what use is the pole to the pilot?’ 
The possibility that the pole might be used to 
help the pilot steer the boat arises. A few 
tests follow, such as considering whether the 
pilot is in proper position to make use of the 
alignment of the pole, and finally the conclu- 
sion is reached that the pole is a steering 
guide. 


. I have chosen this simple example to point 
out how numerous are the opportunities for re- 
flection, and how involved even s imple cases 
may be. If you did not know the answer, do you 
think you would have easily arrived at it? If 
the opportunity should arise, test one of your 


friends. I tested one of mine. He didn't 
solve it. I daresay very few ferryboat riders 
have. Try to imagine how a machine could be 


constructed to do this simple bit of reflectim! 


The example has revealed that altho ugh 
the thought process was a progression ‘toward a 






settled condition of belief, nonetheless, there 
was much confusion of operations. Engineers 
might recognize a good deal of "feedback"in 
the process. However, it is valuable to rec- 
ognize a progression of phases in reflective 
thinking. John Dewey recognized five phases 
of this activity. We have paraphrased his ex- 
position of them below: 


Phase 1 - Recognition of a situation re- 
quiring some kind of action. Here the mind 
is exposed to sensations (data) and suggestions 
leap forward to possible solution. Key ques- 
tions which foster reflection at this point 
are: What facts about this situation are miss- 
ing? What is unfamiliar in this situation? 
What data is not related to what is already 
known about the situation? 


Phase 2 - Intellectualization of the dif- 
ficulty into a problem. Perhaps several prob- 
lems are involved. Useful questions are: Why 
is the situation unmeaningful? What changes 
to the situation or our comprehension of it 
would give it meaning? 


Phase 3 - Search for solution. Here, one 
suggestion after another is used as a leading 
idea or hypothesis to initiate and guide ob- 
servation and collection of factual data. This 
is predominantly the creative phase. Thinking 
is sparked by a wide range of questions. The 
exact phrasing of the questions depends a great 
deal on the nature of the problem on hand, but 
those listed below will give an idea of their 
nature: How can two or more known facts be 
combined to effect the desired changes? Can 
we use more or less of something to improve 
the situation? What concept can be related 
to this problem that has not previously been 
considered? What old method can be applied to 
this new field? 


Many questions of use in this phase can 
be found in Alex Osborn's book, "Your Creative 
Power". (12) 


The keynote of this phase is the propos- 
ing of some action. Two attributes of mind are 
of primary importance at this stage: experi - 
ence, and a strong flow of suggestions orideas. 
Together these constitute what is commonly 
called imagination. 


Phase 4 - Evolving the tentative solution 
into a best solution. The leading ideas or 
hypotheses are tested, weighted, compared, and 
judged. Standards of judgment or criteri a 
must be set up as a basis for decision. The 
possible consequences of the proposed solution 
must be considered. All these are aspects of 
the process of analysis which predominates at 
this point. The end result is one or more hy- 


potheses which are the best apparent. solutions 
to the problem upon which our future action 
will be based. 
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Questions which occur at this stage are: 
What are the consequences of putting this idea 
into use? What are the best bases for judging 
the two or more possibilities? What simple 
tests can we make to prove the point? What 
computations will resolve the issue? 


One of the most emphatic points of Alex 
Osborn's book (12) is that the exercise of 
critical judgment, which is desirable in Phase 
4, so often blocks useful imaginative think- 
ing, which is essential to Phase 3. Society 
has encouraged Phase 4 or critical thinking, 
so that it often occurs before Phase 3 think- 
ing has had sufficient scope. In fact, he 
organized "Brainstorming" sessions during which 
only questions characteristic of Phase 3 were 
permitted. This was done to prevent the oc- 
casional "crazy" idea which is really valuable 
from being lost. This comment is inserted 
here to emphasize the point that while the 
phase of judging is of obvious importance, it 
is useless until the creative phase has sup- 
plied ideas in the first place. 


Phase 5 - Test by Action - Here the best 
hypothesis is given the test of use. The ac- 
tion may be overt or imaginative, depending 
upon the subject matter. Conditions are de- 
liberately arranged to see if results theor- 
etically indicated will occur. To the extent 
that results bear out the hypothesis, confi- 
dence in its use is gained, and the doubtful 
situation has been replaced by a meaning ful 
basis for action. This is another way of de- 
fining a concept. 





What Gives Motion to the Thought Process 


The thought process thus stands revealed 
as a set of operations upon mental images or 
ideas which arise from observation or sugges- 
tion. We might well ask: What keeps thinking 
in motion? Why should it progress from phase 
to phase? The role of the question becomes 
plain. The word "question" means literally a 
seeking. It is by this means that the mind 
searches for missing or needed ideas, as think- 
ing progresses. The seeking is done in dif- 
ferent phases. Hence, the questions change 
from phase to phase, which is another way of 
saying that the areas of search change. 


It is important to emphasize the observa- 
tion that the chief difference in the phases 
of the thought process described above is the 
difference in the character of the questions 
which are asked. Becoming conscious of this 
helps us improve our thinking efficiency. Es- 
sentially, these questions select the appro- 
priate images and operations at the proper 
time. Conscious questioning can influence the 
thinking process, but much of this questioning 
is done habitually and hence subconsciously. 
Training can largely influence the individual's 
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habitual sequence of self-questioning, and in- 
deed much of Dewey's work was directed to this 
end. 


One other process is of importance to 
stimulate the flow of thought. This is infer- 
ence. Drawing inferences may be looked on as 
the process of arriving at that which is ab - 
sent from that which is at hand. The process 
involves testing that which is inferred for 
coherence with what is at hand. Inferences 
are important in the first phase of situation 
recognition, and in the fourth phase of crit- 
ical judgment. In both these situations miss- 
ing data must often be inferred to permit the 
thought process to continue. 


In concluding our observations on the 
thought process, it might be noted t hat the 
phases exist for only as long as questioning 
in the given area is needed. They are of in- 
definite duration and importance; and some of 
the areas of search may be repeated in subse- 
quent stages. Some element in a later phase 


.may cause the process to be repeated through 


the whole five phases on a narrower scope. 
Whether this is done is generally considered 
a function of judgment in human beings. As we 
have already seen that judgment is the appli- 
cation of a specialized form of questioning, 
namely, that of comparing conclusions with cri- 
teria, it follows that this form of question- 
ing must be present at least in a minor role 
in all phases of thinking. 


Operations Involved in the Thought Process 


We are now in a position to evaluate the 
question whether machines can be conceived to 
perform the operations of the thought process. 
Consider first the basic processes of question- 
ing and inferring. 


Questioning may be visualized as a meth- 
odical searching of specialized memory areas. 
The difference in the character of the ques- 
tions appropriate to the several phases of the 
thought processes is mainly a difference in 
the area searched, or in the searching routine. 
We will go into this point further when we 
examine the operations involved in the separ- 
ate phases of thought. It is this operation 
that is mainly responsible for keeping the en- 
tire thought process in motion, proceeding 
from step to step. 


Inference involves a processing of the 
data accumulated up to a point to determine if 
some element is missing. First, the consequenc- 
es of the data as it stands must be deduced. 
For example, using only this data a problem 
would be solved and an answer obtained. Then 
the answer is compared with similar previous 
solutions, and tested for consistency. The 
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machine must then supply from memory tentative 
missing data and repeat the test until it con- 
cludes that the proposed new data is consistent. 
Thus inference is a combination of the more 
fundamental seeking operation with that of 
comparison. 


In a similar manner, let us examine the 
five phases of the thought process and deter- 
mine if each phase can be broken down into a 
series of. operations which conceivably can be 
performed by a machine. If such is the case, 
we have established in a practical sense that 
reflective thinking can be done by machines. 
We shall try to describe these operations in 
such terms that a computer engineer will be 
able to imagine them being carried out by means 
reasonably familiar to him. Our belief inthe 
ability of machines to think reflectively 
should correspond to the extent that these 
means seem realizable. 


In Phase 1, situation recognition, the 
machine is immersed in a welter of sensations. 
We can design the machine so that some of these 
sensations can evoke automatic responses or 
suggestions. Many means of transforming phys- 
ical sensations into digital codings are well 
known. We can imagine a scheme of specialized 
numbers which will acquire specialized meaning 
such as words have to human beings. The spec- 
ialized numbers can of course be represented 
by electrical pulses. 


The stream of coded sensations will be 
compared automatically with similar concepts 
already stored in the machine. The data it- 
self will initiate the process. There must 
be present in the machine means capable of 
sorting the flow of meanings into classes so 
that the machine can bring forth from memory 
similar meanings. This comparative process 
makes possible the identification of data as 
unfamiliar. The identification "unfamiliar" 
gives the signal for the problem-solving pro- 
cess. 


Consider as an example, the identification 
of the function of the pole on the ferryboat. 
In Phase 1 the question arises as to whether 
such a pole in such.a place is worthy of fur- 
ther attention. Such a question could be 
simulated by a searching process which brings 
forth recordings (mental images) of similar 
situations from memory (or experience) for 
comparison with the presently sensed image. 
Comparison circuits can establish the similar- 
ity or differences. The judgment can then be 
formed that the function of the pole is not 
understood, and the process of reflective 
thought starts. 


In Phase 2, formulation of a problem, the 
underlying question is "What changes can be 
made which wil] reduce the doubtful situation 





to a meaningful one?" First, the causes of 
the doubtful situation must be sought: the 
question "Why?" must be answered. This implies 
an ability to recognize relationships among 
things; such as, if A depends on B, and B up- 
on C, then A depends upon C. Our machine must 
recognize from the observations gathered in 
Phase 1 the possibility of some relationship. 
This it does by arranging some of the data and 
comparing the data with relationships it has 
standardized and stored in its experience. By 
this trial and error process the machine ar- 
rives at the inherent causal dependence of the 
new data among itself or it identifies it as 
dependent on a previously stored concept. When 
the basic relations are "understood", it becomes 
possible to identify what is rendering the data 
unmeaningful in some way. To do this, the mach- 
ine must review the pattern of relationships 
in which it has arranged the data with refer- 
ence to its previous knowledge of relations 
and identify the inconsistency. When the 
machine has done this, it has found the prob- 
lem which must be solved. 


In Phase 3, search for solution, the mach- 
ine needs to search for possible ways to add 
meaning to the data, i.e., the tentative sol- 
utions to the problem. Finding the problem 
has narrowed the area which must be searched 
because the kind of change to the data is now 
known. For example, the tic-tac-toe machine 
knows that it must place an "X" in one of six 
remaining squares (a change) in accordance with 
certain rules. Its problem is thus define d, 
It can confine its search to its memory of all 
possible situations, find one like the present 
one, and so determine the proper move to make. 


Many problems which confront human beings 
require more areas of search. For instance, 
if the problem were "How can this electric 
razor be improved?", the human being would try 
to solve the problem by searching among ideas 
stored in his memory having some relation. 
Such ideas might be: make it smaller; place 
shearing device on its side; make it lighter; 
increase the number of teeth in the shearing 
head; make the motor more powerful; change the 
kind of shearing action; use rotary cutting 
heads, etc. 


Some of these ideas can be combined cre- 
ating new ideas. For example, increasing the 
number of teeth in the shearing head could be 
combined with changing the shearing action; or 
changing the size or quantity of parts in the 
razor. 


In like manner, a machine may perform 
these operations: it will search memory areas 
which are related to the problem for possible 
concepts which seem to be the desired change, 
and it will combine or vary them in size and 
quantity and judge if any of these appear also 
to be meaningful. 
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In Phase 4, critical reasoning, the mach- 
ine needs to search for criteria so that quant- 
itive comparisons can be made. ‘In this stage 
the consequences of the tentative ideas must 
be weighed. The machine will often be able to 
do this numerically from the data at hand at 
this point. Circuits which perform logical, 
arithmetical, and comparing operations of the 
kind already incorporated in computers can do 
this work. However, in the "reflective think 
ing" computer the programming would be auto- 
matic. The machine could determine from the 
tentative, proposed solution the applicable 
series of operations capable of reaching a de- 
cision about it. 


It would appear essential that at least 
primitive standards of reasoning and criticism 
be supplied to the machine. In other words, 
some basis of comparison must have been ini- 
tially established for it. But with this el- 
ementary form of judgment and the natural de- 
velopment within the machine of the process of 
reflective thinking, other more refined stand- 
ards of judgment would be evolved by the machine. 


In Phase 5, action in regard to the best 
apparent solution is called for. All the ac- 
tion of the machine up to this point has been 
internal reflection; yet-external action must 
usually be taken to establish the validity of 
the solution. Either the machine must act or 
it must communicate. It must present suggested 
courses of action and predicted consequences 
of them. But, and this is most important, the 
results of .such action must be communicated 
back to the machine. Only then is the process 
of reflective thinking complete, since inform- 
ation about results is absolutely essential to 
build up reliable concepts in the machine. 


Can Machines Be Designed to Perform 
the Operations of the Thought Process? 


Before considering whether machines might 
be designed to perform the operations of the 
thought process, let us consider how present 
machines measure up. We have been able to 
describe all of the processes involved in the 
different phases of the process of reflective 
thought in terms of these basic operations: - 
questioning, comparisons, combining, rearrang- 
ing, changing scale or quantity, logic, and 
arithmetic. All but the first type of opera- 
tion has been incorporated in present-day com- 
puting machinery. 


How basic the operation of questioning 
is to reflective thinking has been emphasized 
by the previous discussion. It would be val- 
uable then to examine this process more closely. 
To do so we have chosen a specific question: 
"What is unfamiliar in this situation?” This 
question, it will be recalled, is character- 
istic of Phase 1, situation recognition. 

(continued on page 23) 
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The process starts when data selected by 
the sensing device is grouped into a standard- 
ized set of data which will be called a situa- 
tion element S. On proper orders which arise 
out of the data itself, a situation element S 
is stored in memory location M. S is then 
systematically subtracted from past situations 
stored in locations r thru r+n. (We assume 
here that S and the contents of location r -- 
abbreviated to C(r) -- can be expressed in 
terms of numbers in a meaningful way.). Then 
the situation in r thru r+n which differs 
least from S, call it T, can be distinguished 
by determining which subtraction gives the 
smallest difference. Knowledge of S and T and 
their difference is an answer tothe question: 
we have determined both that the new situation 
differs from what was known, and also what 
situation it most closely resembles. Thus 
the area of unfamiliarity has been identified. 
The information S and T can now be transferred 
to new storage locations where new questioning 
routines may operate upon the information to 
eventually establish the meaning of the un- 
familiar element. 


The example brings out several interest- 
ing points. First, questioning arises auto- 
matically from the data. It does not need to 
be ordered by a tape. This is in contrast to 
the method of programming prevalent in modérn 
computers. Questioning machines would not 
require any external orders. Second, question- 
ing does not appear to require any operation 
that could not be performed by modern comput- 
ing machines. Hence, we are in a position to 
answer the question posed at the beginning of 
the section. Yes, machines can be designed to 
perform reflective thinking. 


No machines to our knowledge have been 
designed to perform the operations of Phase 1, 
situation recognition, and Phase 2, formulation 
of a problem. Such machines would require 
several questioning processes. Unquestionably, 
such machines would not be feasible for some 
time unless the field of data they would pro- 
cess would be very narrow. They would be the 
first problem-finding machines built, however. 


Game-playing machines have been designed 
which in a limited sense are capable of the 
thinking of Phase 3, search for solution. 
In such machines the problem is well defined 
by the rules of the game and the machine seeks 
the best solution. The tic-tac-toe machine 
and the maze-solving mouse (11) are examples 
previously referred to. But much could be ac- 
complished by machines capable of questioning 
operations, self-correction, and having large 
memory designed specifically to do Phase 3 
operations. 


Machines, of course, are designed to do 
operations of Phase 4, critical judgment. 
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However, the addition of questioning circuits 
would greatly reduce the human programming 
effort. The machine would learn its programs. 


In Phase 5, knowledge of results,only ex- 
perimental learning machines have been con- 
structed, or rather programmed, such as the 
experiment performed by A. G. Oettinger on the 
EDSAC (5). Here the machine received a signal 
indicating approval. Other methods of indi- 
cating satisfactory results to machines can be 
developed; this will greatly improve their 
ability to learn, and hence, to think. 


Anticipated Gains & Losses 
from Creating Such Machines 


Reflective thinking in human beings ap- 
parently has grown out of animal drives, chiefly 
the drives of self=preservation, hunger, and 
procreation. Somewhere in man's development, 
the ability to communicate meanings to other 
men came to pass. This marked a tremendous 
enhancement of memory to man, since now he could 
rely upon the collective memory of his culture. 
The doubts, the unsatisfactory situations, now 
could be recognized on a wider scale. Problem- 
solving evolved. Basically, reflective think- 
ing in man has grown up in an emotional being 
as a. tool in adapting himself to an unfriendly 
world. Animals such as birds, for example, 
have had no such development and lead purely 
instinctive and emotional lives. 


This leads directly to the answer to the 
question as to-:whether machines can have human 
experience. William James was one of the first 
to point out how profound the effect the body 
has upon human experience. Thinking, feeling, 
consciousness, must all be in terms of our 
limbs, our eyes, our ears, .... The mind 
makes possible a framework of continuing life 
which many other creatures cannot experience. 
Machines which have memory can have continuous 
experience but hardly human experience because 
they lack the body properties of human beings. 


Thus reflective thinking is not the prima- 
ry purpose of man, but exists only tokeep him 
living. Reflective thinking is a powerful 
instrument for him tg.use to pick his way 
through life, but that is all. On the other 
hand, the machines we would propose to create 
for the purpose of reflective. thinking would 
have as their primary:aim reflective thought. 
Reflection would be their business, their main 
function. 


From such devices we should’ expect a de- 
gree of dependability unattained and perhaps 
unattainable in man. Consider our remarks 
concerning what brings man's thought ‘process 
into being. Man may or may not recognize the 
need for changing a doubtful situation into a 
(continued on.page 26) 





ROSTER OF ORGANIZATIONS IN THE FIELD OF COMPUTERS AND AUTOMATION 


(Supplement, information as of Jan. 10, 1954) 


The purpose of this Roster is to report organiza- 
tions (all that are known to us) making or devel- 
oping computing machinery, or systems, or data- 
handling equipment, or equipment for automatic 
control and materials handling. Each Roster entry 
when it becomes complete contains: name of the 
organization, its address, nature of its interest 
in the field, kinds of activity it engages in, main 
products in the field, approximate number of em- 
ployees, year established, and a few comments and 
current news items. When we do not have complete 
information, we put down what we have. 


We seek to make this Roster as useful and inform- 
ative as possible, and plan to keep it up to date 
in each issue. We shall be grateful for any more 
information, or additions or corrections that any 
reader is able to send us. 


Although we have tried to make the Roster complete 
and accurate, we assume no liability for any state- 
ments expressed or implied. 


This listing is a supplement, and contains only 
revisions or additions as compared with the cum- 
ulative edition of the Roster published in the 
November issue of COMPUTERS AND AUTOMATION, vol. 2, 
no. 8, and the supplements published in the December 
=~ ty vol. 2, no. 9, andthe January issue, vol. 3, 
no. 


Abbreviations 
The key to the abbreviations follows: 


Size 
Ls Large size, over 500 employees 
Ms Medium size, 50 to 500 employees 
Ss Small size, under 50 employees 
(No. in parentheses is approx. no. 
of employees) 


When Established 

Le Long established organization 
(1922 or earlier) 

Me Organization established a "medium" time 
ago (1923 to 1941) 

Se Organization established a short time ago 
(1942 or later) (No. in parentheses is 
year of establishment) 


Interests in Computers and Automation 
De Digital computing machinery 


Ac Analog computing machinery 

Ic Incidental interests in computing machinery 
Sc Servomechanisms 

Cc Automatic control machinery 

Mc Automatic materials handling machinery 





Activities 

Ma Manufacturing activity 
Sa Selling activity 

Ra Research and development 
Ca Consulting 


Ga Government activity 

Pa  Problem-solving 

Ba Buying activity 
(Used also in combinations, as in RMSa, 
"research, manufacturing and selling 
activity") 


*C This organization has kindly furnished us with 
information expressly for the purposes of the 
Roster and therefore our report is likely to be 
more complete and accurate than otherwise might 
be the case. (C for Checking) 


*A This organization has placed an advertisement 
in this issue of COMPUTERS AND AUTOMATION. For 
more information, see their advertisement. (A 
for Advertisement) 
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Audio Instrument Co., Inc., 133 West 14 St., New 
York 11, N. Y. / Oregon 5-7820 / *C, *A 
Electronic, mechanical, and optical analog 
computers. Precision electronic instruments, 
Time-delay units. Fire control e quip ment, 
logarithmic amplifiers. Specialized passive 
computer which corrects for film nonlinear- 
ity in photometric work, etc. Ss (10) Se 
°(1949) DACSc RCSa 
Automatic Electric Co., 1033 West Van Buren St., 
Chicago, Ill. / Haymarket 1-4300 / *C, *A 
Automatic electrical systems, telephone e- 
quipment, relays, stepping switches, etc., 
for computing machinery companies and inde- 
pendent telephone companies. Automatic 
control components. Ls(6000) Le(1892) IC 
RMSa 
Computer Control Co., 106 Concord Ave., Belmont, 
Mass. / Belmont 5-6161 / and 1429 Promenade 
Hwy., Santa Monica, Cal. / *C 
Computers and computer components, digital 
data-handling systems, solid delay line a- 
coustic memory, computer test equipment, dual 
beam conversion kits, ‘specialized systems 
and instrumentation. Operating and servicing 
Raydac at Pt. Mugu. Ss(22) Se(1952) De 
RMSa 
Eckert-Mauchly Division, Remington Rand, Inc., 
3747 Ridge Ave., Philadelphia, Pa., and else- 
where *C, *A 
All purpose electronic digital computers. 
Univac Factronic System. Ls(600)? Se(1946) 
De RCMSa SEE also Remington Rand, Inc. 
Engineering Research Associates, Div. of Remington 
Rand, Inc., 1907 West Minnehaha Ave., St. Paul, 
Minn., and 510 18th St. South, Arlington, Va. 
he 
Digital computers; ERA 1101 and 1103 electron- 
ic digital computers; the Logistics Computer. 
Magnetic storage systems, including magnetic 
heads, magnetic drums, etc. Shaft-position 
indicator systems, self-recording acceler- 
ometers, analog magnetic recording systems, 
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data-handling equipment, special purpose com- 

munications equipment, pulse transformers. 

Ls(750) Se(1946) DC RMCPSa SEE also 

Remington Rand, Inc. 

Hughes Research and Development Laboratories, Hughes 

Aircraft Co., Culver City, Calif. *A 
Automatic " data-handling systems. Industrial 
process control systems. Small, powerful, 
automatic electronic digital computer for air- 
borne use. Fire control equipment. Aircraft 
control. Navigation systems. Ls Me DAc 
RMSa 

,Intelligent Machines Research Corp., 134 So. Wayne 

St., Arlington, Va. / Jackson 5-7226 POPC OFA 
Devices for reading characters on paper, etc. 
Pattern interpretation equipment. Sensing 
mechanisms. Digital computer elements. 
Ss(10) Se(1951) Dc RCMSa 

Laboratory for Electronics, 51 Pitts St. 

, 14, Mass. / Richmond 2-3200 / *C, 

‘ Analog and digital computers, special comput- 
ers to suit customer requirements, delay lines 
(mercury, quartz), plug-in packages for com- 
puter applications, etc. Ls(700) Se(1946) 
DAc RMSa 

Monrobot Corp., Morris Plains, N. J. / Morristown 

} 4-7200 / *C, *A 
Monrobot automatic electronic digital comput- 
ers. Subsidiary of Monroe Calculating Mach- 
ine Co. Ss(32) Se(1952) Dc RMSa 

Raytheon Manufacturing Co., Waltham, Mass. /— 

Waltham 5-5860 / *C *A 
Electronic digital computer systems for sci- 

, entific applications (RAYDAC) , and for general 
accounting and data-handling applications. 
Tape-handling mechanisms, magnetic heads, 
magnetic shift registers, and other computer 
components and sub-systems. Computing service 
to, analyze problems in applied mathematics, 
in engineering, and in industrial logistics 
by digital computer. Radar, fire control, 
microwave equipment, etc. Ls (20,000) 

} Me (1925) DAc RMSa 

Remington Rand, Inc., 315 4th Ave., 

Ys) 7 Spring 7-8000 / .-™ 
Punched card machines, office machines, elec- 
tronic digital computing systems (Univac 
Factronic System, ERA 1101, ERA 1103), servo- 

| mechanisms. Ls(30,000; 1800 on computers) 
Le DASc RCMSa SEE also Eckert-Mauchly Div- 

| ision and Engineering Research Associates 
Division. 

Soroban Engineering, Inc., Box 117, Melbourne, Fla. 
Electronic digital computers and accessories. 
Automatic keyboard device with 21 keys for 

| input to an automatic electronic digital 

computer. Ss Se(1953) Dc RMSa 


Zeuthen and Aagaard, Ltd., 6 Toldbodvej, Copen- 
hagen, Denmark 

Portable adding machine (Contex); dictating 

machine (Rex Recorder) with magnetic record- 

ing on plastic disc using impregnated magnet- 

ic particles and permitting 10,000 reuses; 

other office machines. ?s Le Ic _ RMSa 


Boston 


New York 10, 














ROSTER OF ORGANIZATIONS MAKING COMPONENTS 
(Information as of Jan. 10, 1954) 


The purpose of this roster is to report organiza- 
tions making components (but not making complete 
systems) that enter into computing machinery or 
data-handling equipment or equipment for automatic 
control and materials handling. Since this would 
be a very large list if we included all organiz- 
ations making motors, resistors, magnetic cores, 
condensers, etc., this roster is not a free list- 
ing. For the conditions of listing, see page 31; 
also the listing is subject to editing for com- 

pleteness and objectivity; for the abbreviations 
see the "Roster of Organizations in the Field of 
Automatic Computers and Automation". 


ROSTER 


Alden Electronic and Impulse Recording Equipment 
Co., Alden Research Center, Westboro, Mass. *A 
Facsimile recording equipment and facsimile 
components. Ma SEE Alden Products Co. 
Alden Products Co., 117 North Main St., Brockton, 
Mass. / Brockton 160 / *A 
General and specific components for digital 
and analog computing machinery; plug-in com- 
ponents, sensing and indicating components, 
magnetic delay line units, magnetic storage 
cores, etc. Ms(300) Me(1930) Ic RMSa 
Alfax Paper and Engineering Co., Alden Research 
Center, Westboro, Mass. *A 
Electrosensitive recording papers. Ma 
SEE Alden Products Co. 
Ferroxcube Corporation of America, 377 East Bridge 
St., Saugerties, N. Y. / Saugerties 1000 / *A 
Ferrite core materials, including pot cores, 
cup cores, recording heads, and microminiature 
toroids with square hysteresis loop. Mag- 
nadur permanent magnet materials. Ms (100) 
Se Ic RMSa 
Sprague Electric Co., 
Adams, Mass. *A 
Capacitors: miniature, and low dielectric 
hysteresis loss, for computer applications. 
Standard capacitors; precision and power 
type resistors; pulse transformers; radio 
interference filters. Ls ?e Ic RMSa 


377 Marshall St., North 


I. By Alston S. Householder, 
Oak Ridge National Laboratory, 
Oak Ridge, Tenn. 


I would like to make a few comments on the 
glossary published in "Computers and Automation". 
(Section A,B, published in vol. 2, no. 2,March, 
1953; Section C to E, vol. 2, no. 4, May, 1953; 
Section F to Z, vol. 2, no. 9, December, 1953; 
reprinted together. -- Edit.). I want to say 
at the outset that I think you are doing a good 
job and an important job. In fact, it is be- 
cause I approve on the whole, and hope very much 
that you will make the glossary a permanent 
feature, adding and revising from time to time, 
that I want to make some rather detailed sug- 
gestions and criticisms. 


Reporting vs. Legislating 


First, you say that you are reporting and 
not legislating. Nevertheless, when a defini- 
tion appears on a printed page,it becomes in 
some degree standardized; people will refer to 
it and tend to use the word in just that way. 
Moreover, one's reporting is at best partial, 
subject to the limitations of one's own exper- 
ience, judgment, and understanding. Therefore, 
the lexicographer has a responsibility which 
he may disclaim but cannot in fact escape. 
I urge you, therefore, to think seriously, as 

_you formulate your definitions, not only of 
how you think the terms are used, but also of 
how they might best be used. 


In deciding how a term might best be used 
there are several factors to consider. Obvi- 
ously one is that the definition you propose 
should conform in some sense with general usage 
as you have observed it. Inclaiming to report 
rather than to legislate you are indicating 
that this is your sole criterion. But another 
factor to be considered is that the term should 
conform with nontechnical usage so far as pos- 
sible (see my comments below on "routine"™). 
Again, if two or more terms seem to be used 
interchangeably but somewhat ambiguously, you 
might well consider whether clarity could be 
served by introducing a distinction. If you 
decide that there is no distinction to be made, 
you are well within your rights to recommend 
the use of one of the terms in preference to the 
other. 


I agree with your point in replying to C. 
L. Perry (see "Computers and Automation", vol. 
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2, no. 4, May, 1953, pp 21-22 -- Edit.) that»: 
waiting for committee reports would take too 

long. Also questionnaires would take too long 

and be too expensive. Actually the great ma- 

jority of terms will cause no trouble. Anyone 

reasonably familiar with the field, and willing 

to take the trouble, could sit down and write 

out a definition of any one of these and there 
would be no argument. The rub will occur with 
only a small minority of the terms. 


I can appreciate your desire to be impar- 
tial and merely report, and your objection to 
authoritarianism. But (let's face it!) most 
of the definitions you publish will be accepted 
by default. Your glossary, by virtue of its 
existence and publication, is a standard of ref- 
erence, and will remain so at least until an- 
other one appears. I do not think this is nec- 
essarily bad. On the contrary, I am arguing 
that it will be still better if you accept the ? 
fact and proceed to legislate -- naturally 
after a critical consideration of each bill! 


Then, if someone objects in particular 
instances, let him write you, as I am doing, 
After all, you have invited criticism. You , 
can periodically publish the objections, or the 
proposed alternatives, and invite further cor 
ment. Eventually, in the light of whatever 
comments you have received, you, yourself, should 
make a decision. If people refuse to use a 
term as you recommend, so be it: You will 
hardly remain ignorant of the fact, and you 
can take cognizance of it whenever you see fit. 

, 


I think that I am not really authoritarian 
at heart, even though I may sound so here. But, 
as I have said elsewhere, language exists for 
purposes of communication, and in scientific 
discourse one wishes to communicate ideas, 
clearly and unambiguously. For this purpose \ 
clear and unambiguous usage is essential. I | 
believe the policy I propose will contribute 
most to the attainment of this objective. 


In a cooperative spirit I would like now 
to comment on a few of your definitions. 


"Routine" 


In the dictionary the word "routine" is 
defined as a "course of procedure", and "pro- 
cedure” is "conduct" or a "mode of action". 

I therefore suggest that this word be reserved 
to designate what the machine actually does. | 
What one writes is a program for a routine or | 
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a subroutine, In this connection I see no 
reason why a term "subprogram" should not be 
introduced and recommended, as a means of a- 
voiding some circumlocution. 


"Readaround" 


Without risk of ambiguity one can use the 
term "readaround" as a noun to denote what is, 
in fact, not a ratio at all. I therefore sug- 
gest that you eplace the entry "read-around- 
ratio" by the entry: 


"readaround (sometimes incorrectly 
called "read-around-ratio")-- ..." 


where the dots denote, of course, the defini- 
tion. I would like, also, to suggest a re- 
phrasing of the definition: "in cathode-ray- 
tube storage, the number of times a memory cell 
can be regenerated without disturbing the state 
of neighboring cells". 


"Cell" 


This leads to a few terms we are using at 
Oak Ridge and which I wish to propose. We use 
the term "cell", instead of "memory register", 
reserving "register" for all others. We say 
that a cell, and also a register, contains n 
elements (all binary in the Oracle). We say 
that a binary element is in one of two possible 
states and a cell or register is in one of 
possible states; that any state of a cell or 
register is a particular word; that the state 
represents the word and the word designates 
the state. 





"Information" 


This leads to "information", which you 
define as a particular "set of marks" or "ar- 
rangement". Claude Shannon does not seem to 
give an explicit definition of "information", 
but it is conveniently distinguished from and 
related to "message" and “meaning”. Of the 
possible states of a system, some may be taken 
to have a meaning, in which case each of these 
states represents a message. The number of 
messages, or any monotonic function of this 
number, can be taken as a measure of the a- 
mount of information conveyed by any one message, 
provided all messages are equally probable (in 
computing systems I believe this can be assumed). 
What meanings are attached to the messages are 
entirely irrelevant. Actually Shannon uses 
the logarithm to the base 2. When this measure 
is used, the unit is called a "bit". It may 
be true, as you say, that "bit" is used collo- 
quially for "binary digit" (at Los Alamos they 
say "bigit"), but if so it is by an extension 
of the meaning proposed by John Tukey and en- 
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dorsed by Shannon. 


In binary machines, gener- 
ally every state of a cell or ‘register is mean- 
ingful; hence with n elements in a register 


there are 2" possible messages. llence using 
Shannon's measure, the amount of information 
is equal to the number of binary digits, which 
could account for the colloquial use of the 
word "bit". Nevertheless, it seems to me that 
the Los Alamos term "bigit” should be encour- 
aged, since in a decimal machine a decimal 
digit requires 4 bigits, but the information 
is only log 910 bits. 


"Infinity" 


Do people really use "infinity" as you 


say? I see no possible advantage in it. 


“Rounding, Truncating" 


I suggest that "rounding" and "truncating" 
be distinguished as applied to reducing pre- 
cision: in the case of pi = 3.14159265 ... , 
3.1416 illustrates the former and 3.1415 il- 
lustrates the latter. In this connection there 
are other terms that become important in dis- 
cussing the use of computers, though they are 
not directly applicable to the computers them- 
selves. Arthur Sard objects to the expression 
"round-off error", and although I have used it 
in my book (being printed by McGraw Hill Book 
Co., not yet out -- Edit.) I agree with him and 
regret that I used it. One should say “errors 
due to rounding", though I believe "rounding 
error" is acceptable and certainly to be pre- 
ferred over "round-off error". In my book I 
have used the following terms which I believe 
are worthwhile: "initial errors", "gen erated 
errors", “propagated errors" and "residual 
errors". If x is the true value of the argu- 
ment, and x” the quantity used in computation, 
then, assuming one wishes f(x), x - x” is the 
initial error; f(x) - f(x*) the propagated er- 
ror. If fa is the Taylor, or other, approxi- 
mation utilized, then f(x*) - fa{x*) is the 
residual error. If f* is the actual result 
then fg - f* is the generated error, and this 
is what builds up as a result of rounding. 


"Regenerating" 


Getting back to the computers themselves, 
I suggest that instead of "regenerating" you 


define 


“regenerate -- in electrostatic stor- 
age, to restore information currently 
held in a cell, in order to counteract 
the effects of fading and of disturb- 
ances coming from neighboring cells." 


I suggest also introduction of a term such 





as "evanescent" to describe memories which 
fade. Is electrostatic storage necessarily 
the only evanescent kind? 


II. By E. C. Berkeley, 
Editor of "Computers and "Automation" 


We do plan that additions and revisions 
of the glossary will be a permanent feature of 
"Computers and Automation". But to make a 
real success of this endeavor, we need the 
help of many people. 


For example, any one who is interested 
in nomenclature, -- and we can think right off 
of E. G. Andrews, G. M. Hopper, John W. Carr 
III, S. B. Williams, C. V. L. Smith -- when- 
ever he notices a new expression being used, 
or whenever he notices that an expression 
that he may have coined is coming into use in 
his vicinity, might send us a note, mentioning 
the expression and telling the meaning which 
he gives to it. We could publish it in the 
glossary -- not as a "legislated" new term, 
but as a report of a new term that has gone 
into use: "here is an expression which has 
begun to be used -- and this is the meaning 
which it presently has". 


In addition, there are some committees on 
nomenclature. One for example is an IRE com- 
mittee whose chairman is Mr. A. G. Jensen, of 
Bell Telephone Laboratories, Murray Hill, N.J. 
But unfortunately most committees are clamish; 
they feel that they should not report their 
work until it is complete, and that it should 
then be reported first in the proceedings of 
the society which has sponsored that committee. 
Although we would of course be very glad tore- 
port their discussions of terms as and when 
occurring, it seems doubtful that any commit- 
tee members will feel free to tell us. In 
the assignment of making decisions about many 
small controversial subjects, a large commit- 
tee with members from all over the country is 
not likely to be quick. 


A third method for obtaining information 
about new terms and expressions would be for 
"Computers and Automation" to make arrangements 
for correspondents at various computing centers. 
We should be very glad to make such arrang e- 
ments. If any of our readers who is assoc iated 


with a center of development or application of: 


computing machinery or automation would like 
to be a correspondent, he is cordially invited 
to write to us. 


In regard to the question of reporting vs. 
legislating which Alston Householder discusses 
so well, it seems to us that there is a com- 
promise possible. Suppose we have two terms, 
“program” and “routine”, where it does seem 
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advantageous to encourage them to differenti- 
ate. Next to the entry in the glossary, we 
could put a comment such as "this meaning ap- 
pears preferable." In fact, part of the re- 
porting of the meaning of a term, might very 
well include reporting what seems to be a good 
direction for its meaning to develop into. 


Alston Householder is completely right, 
we think, when he says “language exists for 
purposes of communication, and in scientific 
discourse, one wishes to communicate ideas, 
clearly and unambiguously". All of us in the 
field of computers and automation are basic- 
ally engineers in the automatic handling of 
information. Surely we should be keenly aware 
of the handling of information by human beings, 
and do our best to apply good engineering to 
principles and practices in that area too. 


%* * %e 





FORUM 


1. Detroit Conference on Training Personnel 
for Computers. Received January 4, from Arvid 








W. Jacobson and Elbert P. Little, Computation 
Laboratory, Wayne Univ., Detroit 1, Mich.: 


The purpose of this circular is to solicit 
your cooperation in holding a joint conference 
of groups concerned with the training of per- 
sonnel for automatic computers ... We propose 
that a conference be held at Wayne University 
on ... Tuesday and Wednesday, June 22 and 23. 
... It is hoped that a number of organizations 
in addition to Wayne University will sponsor 
the conference: National Science Foundation, 
Association for Computing Machinery, IRE Pro- 
fessional Group on Electronic Computers, Asso- 
ciation for Engineering Education, and others 
..- Proposed topics for discussion are: man- 
power requirements in the computer and allied 
fields; a suitable curriculum in machine com- 
putation; increasing the number of high school 
graduates with training in mathematics and 
science; the effect of high speed computers on 
the training of applied mathematicians, engin 
eers, physicists, and social scientists; ways 
to achieve cooperation between industry, gov- 
ernment, and educational institutions in com- 
puter training ... We will appreciate your 
prompt replies and suggestions. 


%* * %* 
2. Institute of Management Sciences. Received 


January 12, from Merrill M. Flood, Columbia 
University, New York: 
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FERROXCUBE CORPORATION OF AMERICA 
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Within its scope, the machine 


settled one. 
will always recognize this need and from its 


data will always attempt to find problems which 


need to be solved. 


In man, the underlying emotional charac- 
ter of his being influences his thinking pro- 
cess in many distracting ways. His ability to 
recall from his memory is greatly influe nced 
by emotional associations. Some ideas, names, 
or facts, are impossible for him to consciously 
recall because of some undesirable association. 
Other ideas are unduly emphasized. When these 
emotional blocks occur at strategic points in 
the thinking process, man's thinking will dic- 
tate biased action. Of course, emotions lend 
richness to man's life and variety to the in- 
dividual's personality, but they do interfere 
with precision in the reflective thought pro- 
cess. 


We can welcome the creation of thinking 
machines as means of performing thinking in 
two important .ways now hampered in human beings 
by their emotional heritage; namely, the mach- 
ines will think more dependably and more pre- 
cisely. 


But in addition, to meet the many prob- 
lems of the modern world (such as the inexwrable 
pressure of population increase), man is forced 
to seek every ally and use every instrument. 
To reduce the labor of mathematical analysis, 
he has ‘built high-speed digital computing 
machines. But this leads to drudgery in pre- 
paring programs to direct the solution of such 
problems. Ways must be found to make machines 
to learn how to program much of their own work, 
and this is already contemplated. But even 
this-will be found not enough. Machines will 
have to help man by finding the problems for 
us in their own special fields and: searching 
for solutions. When such machines. are devised, 
it will probably be just in the nick of time 
to help man. grope with the enormous bulk of 
problems besetting him. 


Summary 

Throughout this article, we have standard- 
ized our meaning of thinking as reflection in 
John Dewey's sense. Reflective thinking has 
been shown to be a series of operations on 
tentative ideas or suggestions. Machines in- 
corporating memory and a procedure for stand- 
ardizing meaning, thus forming concepts, are 


equipped with the raw capacities with which to 
perform reflective thinking. 


The process of reflective thinking pro- 
ceeds from stage to stage by means of a seek- 
ing operation called questioning. The five 
phases of the process require questioning of 
different character. The phases (situation 
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recognition, problem finding, search for sol- 
utions, determining best solution, and test by 
action) can be resolved into operations. These 
operations have here been defined only to the 
extent sufficient to show that they can be 
performed by electronic or mechanical devices 
of contemporary design. 


Thinking appears to be the endless repe- 
tition of a few intrinsically simple spontan- 
eous operations. 


Computing machines which have been built 
have been largely limited by design to the 
analytical type of thinking involved in Phase 
4. Some game-playing machines can do Phase 3 
thinking. None have been designed to find 
problems (Phase 2) or automatically recognize 
need for new meaning (Phase 1). The number of 
operations involved in such thinking could be 
quite large. 


An operation basic to reflective thought 
which has not up till now been given much at- 
tention is the questioning process. This pro- 
cess permits spontaneous movement of thought 
from phase to phase without recourse to ex- 
ternal commands. 


Only few controls would be available to 
human operators of such machines. Some inter- 
esting controls would be to restrict the kind 
of data input, or to vary the machine's stand- 
ards of comparisons. 


Machines for reflective thinking will be 
built to help man solve problems which tend to 
increase at an accelerating rate as his num- 
bers increase. They will not supplant hin, 
but will be vitally needed tools. They will 
be superior to man in that their thinking will 
be more dependable and precise. 


As Rufolph Flesch (1) points out, a per- 
son believes that a machine can think largely 


on the basis of his background and emotional . 


makeup. However, if we can accept the validity 
of John Dewey's conception of the thought pro- 
cess, I believe that we are forced td the con- 
clusion that machines can do reflective think- 
ing. In all probability, it will become vital- 
ly necessary for them to do so. 


Future Work 


Use of John Dewey's concept of thinking 
leads to promising paths to explore. It would 
seem to point a way to extend vastly the use- 
fulness of computing machines. It suggests 
the building of machines capable of performing 
the questioning process and the de liberate 
design of machines, first to do Phase 3 (search 
for solutions), then Phase 2 (finding problems), 
and then all phases of reflection. Ways to 
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ROSTER OF ORGANIZATIONS MAKING COMPONENTS -- CONDITIONS FOR LISTING 


Any organization making components that can be used in computing machinery or data- 
handling equipment or equipment for automatic control or material handling may be 

listed in the "Roster of Organizations Making Components", The cost for the listing 
is $3.50 a line with a minimum of four lines (a "line" consists of 80 characters in- 
cluding spaces); if a company making components advertises in the same issue, it will 
receive a four-line listing free. The listing will be subject to the customary edit- 
ing for completeness and objectivity. 


If you are interested in a listing for your organization, please supply the inform- 
ation for a Roster entry (see p. 21) and write to Edmund C. Berkeley and Associates, 
Publishers of COMPUTERS AND AUTOMATION, 36 West 11 St., New York ll, N. Y. 








overcome the limitations of machines for this 
work need to be found. How can they be best 
specialized for Phase 1 (situation recogni - 
tion)? What sort of control of the machine 
would be best? Should judgment be controlled 
— or once designed, should it operate freely? 
Would such a machine become biased? Willcon- 
struction of such machines add further insight 
into human thought? Will such machines be 
errorless? Will they give us insight into what 
causes errors in humans? Will they develop 
emotions? 
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FORUM 
(continued from page 24) 


Wm. W. Cooper, Assoc. Prof. of Industrial 
Management, Carnegie Inst. of Technology, has 
been elected the first president of the new 
Institute of Management Sciences. George 
Kozmetsky, Hughes Aircraft Co., was elected 
secretary-treasurer. The Council includes: 
Merrill M. Flood, Prof. of Industrial Engin - 
eering, Columbia Univ; Cuthbert Hurd, IBM ; 
Herbert A. Simon, Prof. of Industrial Manage- 
ment, Carnegie Inst. of .Techn.; Melvin E. Sal- 
veson, Director of Industrial Logistics Re- 
search Project, Univ. of California at Lo s 
Angeles; Leo H. Query, Eastman Kodak Co.; Al- 
exander Orden, Burroughs Research Laboratory. 


The object of the new institute is to dis 
seminate information on technological advances 
as they pertain to the business world in gen- 
eral, and specifically on the management level. 
This is important because of rapid, continuing 
developments in new areas of managerial con- 
trols, especially in the field of electronics. 
.-. The institute plans to publish a quarterly 
journal called "Management Science", and issue 
a regular bulletin of news and activities for 
members. ... Temporary headquarters for the 
Institute will be at the Carnegie Inst. of 
Techn., Pittsburgh. Pa. 


* * *& 


3. One-Day Meeting, on "The Application of the 
Automatic Factory to the Production of Elec - 
tronic Equipment". Received January 12, from 
the New York Section of the Inst. of Radio Er 
gineers (condensed) : 





Saturday, Jan. 23, at the Engineering So- 
cieties Bldg., 33 West: 39 St.: Solderless 
Wrapped Connections, by R. F. Malline, Bell 
Telephone Laboratories / Automatic Production 
Techniques for Miniaturized Electronic Equip- 
ment, by F. M. Hom, Stanford Research Inst. / 
Development of Systems of Mechanized Assembly, 
by W. H. Hannahs, Sylvania Electric Products; 
Project Tinkertoy, by R. L. Henry, National 
Bureau of Standards / "One More Step", by W. 
Hausz, General Electric Co. / Chairman, John 
Diebold. 
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PATENTS 


by Hans Schroeder, Milwaukee, Wisconsin 


The following is a compilation of patents per- 
taining to computers and associated equipment 
from the Official Gazette of the United States 
Patent Office, dates of issue as indicated. 
Each entry consists of: patent number / in- 
ventor(s) / assignee / invention. 


November 17, 1953: No applicable patents 





November 24, 1953: 2,660,370 / GF Daly and 
F V Adams, Endicott, N Y / IBM, NY / Elec- 
tro-mechanical number storage device 

2,660,371 / D J Campbell, Richmond Hill, S P 
McCabe, Jr, Freeport, H Harris, Jr, Cedar- 
hurst, NY / Sperry Corp / Comprehensive 
gun positioning calculator 

2,660,372 / BM J Leclerc, Fontenay Sous Bois, 
France / Compagnie des Machines Bull, Paris, 
France / Device for electrically comparing 
record cards 

2,660,669 / C F West, Stoughton, Mass, / Ray- 
theon Mfg Co, Newton, Mass / Cathode-ra y 
type information storage tube 

2,660,700 / WO Gates, Beverly, Mass / United 
Shoe Machinery Corp, Flemington, N J / Ap- 
paratus for controlling production machines 
electrically 





December 1, 1953: 2,661,152 / P Elias, Cam- 





bridge, Mass / - / Electronic analog multi- 
lier 
2,661,153 / A W Vance, Cranbury, N J / RCA / 
Electronic multiplier 
2,661,442 / J A Buckbee, Wellesley, Mass /Ray- 
theon Mfg. Co, Newton, Mass / Cathode-ray 
type information storage tube 


December 8, 1953: 2,661,897 / G Herzog and B 





D Lee, Houston, Texas / Texas Co, NY / El- 
ectrical analogue of mineral strata being 
drilled 

2,661,898 / F W Bubb, Webster Groves, Mo / 
Phillips Petroleum Co / Electrical analogue 
simulating a segment of a pumping unit 

2,661,902 / H S Wolff, Oxford, and M G Story 
and D J Behrens, Strand, London, Eng / Na- 
tional Research and Development Corp, Lon- 
don, England / Apparatus for counting mic- 
roscopic bodies in a state of random distri- 
bution 

2,662,144 / J J Wilentchik, New York, NY / - 
/ Functionally adjustable voltage division 
device , 

2,662,213 / P B Vanderlyn, Ealing, London, Eng 
/ Electric and Musical Industries, Ltd, Hayes, 
Eng / Electronic means for indicating the 
logarithmic value of a magnitude 
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ARTICLES: October, 1952: Communication and Control 
} in the Computing Machinery Field 
The Parameters of Business Problems -—- Edmund 
C. Berkeley 
January, 1953: Brains: Electronic and Otherwise 
-- A. S. Householder 
What Computers Do — S. B. Williams 
The Parameters of a Business Problem in Reading 
} — C. H. Dent 
Automatic Computers on Election Night -- E.F. 
Murphy and E. C. Berkeley 
March: Gypsy, Model VI, Claude Shannon, Nimwit, 
and the Mouse — George A. W. Boehm, Science 
Editor, Newsweek 
Water and Computers -- Henry M. Paynter, Jr., 
; Mass. Inst. of Technology, and Neil Macdonald 
The Concept of Automation —- E. C. Berkeley 
The ERA 1103 Automatic Computer —- Neil Madonald 
April: The Art of Solving Secret Ciphers, and the 
Digital Computer -- Fletcher Pratt 
Avenues for Future Development in Computing 
Machinery -- Edmund C. Berkeley 
} Hungarian Prelude to Automation --Gene J.Hegedus 
) May: Compiling Routines ——- Grace M. Hopper, Rem- 
ington Rand 
| Mechanical Translation -- Andrew D. Booth, Birk- 
beck College, London 
Medical Diagnosis -- Marshall Stone, Rugraesity 
of Chicago 
; July: Machine Translation -- Y. Bar-Hillel, Mass. 
Inst. of Technology 
Robot Traffic Policemen —- George A. W. Boehm, 
Science Editor, Newsweek 
How to Talk About Computers — Rudolf Flesch, 
Author of "Art of Plain Talk" 
September: The Soviet Union: Automatic Digital 
Computer Research, -- Tommaso Fortuna 
Digital Computer Questionnaire -- Lawrence 
} Wainwright 
"How to Talk About Computers” 
G. Hawley and others 
| October: Computers in the Factory —- David W. Brown 
~ The Flood of Automatic Computers --Neil Macdonald 
The Meeting of the Association for Computing 
om, Machinery in Cambridge, Mass., September, 1953 
t 


: Discussion — G. 


-- E. C. Berkeley 
November: Who Will Man the New Digital Computers? 
"== John W. Carr III 
Electronic Equipment Applied to Periodic Bill- 
ing -- E. F. Cooley 
Air-Floating: A New Principle in Magnetic Re- 
cording of Information —- Glenn E. Hagen 
; December: How a Central Computing Laboratory Can 
~~ Help Industry -—- Richard F. Clippinger 
"Combined" Operations in a Life Insurance Com- 
pany Instead of "Fractured" Operations -- R. 
T. Wiseman 
"Can Machines Think?": Discussion — J.L. Rogers 
j and A. S. Householder 








COMPUTERS AND AUTOMATION -- BACK COPIES & REPRINTS 


January, 1954: The End of an Epoch: 


The Joint 
Computer Conference, Washington, D. C., De- 
cember, 1953 -- Alston S. Householder 

Savings and Mortgage Division, American Bank- 





ers Association: Report of the Committee on 
Electronics, September, 1953 -- Joseph E. 
Perry and others 

Automation in the Kitchen —- Fletcher Pratt 


REFERENCE INFORMATION: 


Roster of Organizations in the Field of Compu- 
ters and Automation / Roster of Automatic 
Computing Services / Roster of Organizations 
Making Components / List of Automatic Compu- 
ters / Who's Who in the Field of Computers 
and Automation / Books and Other Publications/ 
Glossary / Patents 

Price of back copies, if available, $1.25 each. 
A subscription (see rates on page 4) may be spe- 
cified to begin with any issue from November , 
1953, to date. 
REPRINTS: Index No. 1 (from December issue) 
-- 20 cents 

Glossary of Terms in the Field of Computers 

and Automation (from three 1953 issues ) -- 

60 cents 


WRITE TO: 
Edmund C. Berkeley and Associates 


Publishers of COMPUTERS AND AUTOMATION 
36 West 1l St., New York ll, N.Y. 


%* a * 





Here is More Information on AUDIO INSTRUMENT CO.'S 
Versatile Time Delay Unit 
(see other ad across pag) 

Adjustable Delay: any delay from 10 milliseconds 
to 10 seconds. 

Auxiliary Memory Unit: the device can store up 
to 30 bits per millisecond per channel. A 13- 
channel model with 10 second delay will hold 
nearly 4 million bits. Yet intermediate read- 
outs can be added to reduce access time. 

Cost; as capacity rises, cost declines; ranges 
from $10 a bit to 1/10 cent per bit. 

Analog or Digital: the delay unit will accept 
analog or digital data. 

Moving Average: it is relatively easy to com - 
pose a moving average with almost any sort of 
weights. cic. 

This device might be useful to YOU -- Inquire of 
Audio Instrument Co., 133 West 14 St., New 





York ll, N.Y. 


% * 














ADVERTISING IN "COMPUTERS AND AUTOMATION” 


Memorandum from Edmund C. Berkeley and Associates 
Publishers of COMPUTERS AND AUTOMATION 
36 West 11 St., New York 11, N. Y. 


1. What is "COMPUTERS AND AUTOMATION"? It is 

a magazine published monthly, except June and 

August, containing articles and reference in- 

formation related to computing machinery, robots, 
automatic controllers, cybernetics, automation, 
etc. One important piece of reference inform- 
ation published is the "Roster of Organizations 
in the Field of Computers and Automation", The 
basic subscription rate is $4.50 a year in the 
United States. Single copies are $1.25. The 

magazine was called THE COMPUTING MACHINERY 

FIELD until the March, 1953, issue; prior to 

that issue, it was published less often than 

ten times a year. 


2. Who are the logical readers? The logical 
readers of COMPUTERS AND AUTOMATION are some 


4000 persons who are concerned with the field 
of computers and automation. Many people are 
entering this field all the time. These in- 
clude a great number of people who will make 

recommendations to their organizations about 

purchasing computing machinery, similar mach- 

inery, and components, and whose decisions 

may involve very substantial figures. We 

have been carefully gathering the names and 

addresses of these people for some time and 

believe we can reach them. The print order 

for the February issue was 1600 copies. The 

paid subscriptions on December 10, 1953 were 

a little over 1000. The overrun is largely 

held for eventual sale as back copies. 


3. What type of advertising does COMPUTERS 
AND AUTOMATION take? The purpose of the 
magazine is to be factual and to the point. 
For this purpose the kind of advertising 
wanted is the kind that answers questions fac- 
tually. We recommend for the audience that 
we reach, that advertising be factual, useful, 
interesting, understandable, and new from 
issue to issue. We have had a number of 
comments expressing satisfaction with our style 
of advertising. 


4, What are the specifications and cost of ad 
vertising? COMPUTERS AND AUTOMATION is pub- 


lished-on pages 85" by 11" and produced by 

photooffset. The closing date for any issue 

is approximately the 10th of the month pre- 
ceding. If possible, the company advertising 
should produce final copy, which should be 
actual size and assembled, and may include 
typing, writing, line drawings, printing, 
screened halftones, etc. -—- any copy that may 
be photoffset without further preparation. 


If inconvenient to produce this, we will take 
rough copy and arrange with the printer to 
prepare it; there will be small additional 
charges in this event. Display advertising 
will be sold in units of full pages (ad size 
7" by 10", basic rate $130), and half pages 
(basic rate $70); back cover, $250; inside 
front and back cover, $160. Classified ad- 
vertising will be sold by the word (40 cents 
a word), with a minimum of ten words. The 
following discounts will apply to display ad- 
vertising excluding cover space: 20% for a 
company with less than 50 employees and a pub- 
lisher of books; 40% for a company of less 
than 20 employees. 


5. Who are our advertisers? Our advertisers 
in recent issues have included the following 
companies, among others: 


Alden Products Co. 

Burroughs Corporation 

Computing Devices of Canada, Limited 
Consolidated Engineering Corp. 
Electronic Associates, Inc. 

Ferranti Electric Co. 

Ferroxcube Corp. of America 

General Ceramics and Steatite Corp. 
Hughes Research and Development Lab. 
Intelligent Machines Research Corp. 
International Business Machines Corp. 
Laboratory for Electronics 

Logistics Research, Inc. 

The Macmillan Co. 

Monrobot Corp. 

Monroe Calculating Machine Co. 
George A. Philbrick Researches, Inc. 
Potter Instrument Co. 

Raytheon Mfg. Co. 

Reeves Instrument Co. 

Remington Rand, Inc. 

Sprague Electric Co. 

Sylvania Electric Products, Inc. 
Telecomputing Corp. 


















The To design and 
Problem 


build a computer 
for airborne 
automatic control 
systems—with 
severe restrictions 
imposed on size, 
weight and opera- 
tion under extreme 
environmental 
conditions; in 
short, a computer 
that would be 
small, simple, 
reliable, 
rugged—and easy 
to build 
and maintain. 
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the giant 


At HuGHEsS RESEARCH and 
Development Laboratories this 
problem was examined exhaus- 
tively, and it was concluded that 
a digital computer offered the best 
means for satisfying the require- 
ments because of its ability to 
solve complex problems accu- 
rately and quickly. 


Because the requirements of 
this application could not be met 
by existing digital computers, 
owing to their large size, the 
following developments were 
undertaken: 


1. Simplification of the logical 
structure of the computer through 
the use of a mathematical theory 
of computer design based on 
Boolean algebra—but with reten- 
tion of the operational versatility 
of a general-purpose computer. 


2. Development of ingenious 
circuitry to utilize the new logi- 
cal designs. 





Drain 


3. Achievement of minimum 
size by the use of subminiature 
techniques, including germanium 
diodes, subminiature tubes, and 
etched circuits. 


4, Employment of unitized con- 
struction: plug-in units of flip- 
flop circuits and diode networks. 


Need for subminiaturization, 
then, was a governing factor. 
Consequently, entire new tech- 
niques for making things not only 
vastly smaller, but at the same 
time easier to build and service, 
were developed by Hughes. This 
is a continuing process and there 
is indication of even more signif- 
icant advancement in miniaturi- 
zation for the future. 


A major effort at Hughes is also 
devoted to adapting electronic 
digital computer techniques to 
business data processing and re- 
lated applications—destined for 
far-reaching peacetime uses. 


Visit the Hughes Exhibit at the 


WESTERN 


COMPUTER CONFERENCE 
AND EXHIBIT 

Los Angeles, February 11, 12 
Ambassador Hotel 





is 


aeanad 


One of the subminiature switching circuits from the Hughes 
airborne electronic digital computer is examined by Dr. Eugene 
M. Grabbe (right), Associate Head, Computer Systems Depart- 
ment, Advanced Electronics Laboratory, and Phil A. Adamson 


of the Technical Staff, Radar Laboratory. 


ADDRESS: Scientific and Engineering Staff 


LA R-231-1-A-A—7”x 10” —Bridge of Eta Kappa Nu, January, 1954—2 


Had 


VU 


Hughes 


RESEARCH 
AND DEVELOPMENT 
LABORATORIES 
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NGINEERS AND PHYSICISTS 


creating some new 
positions in the 
Computer Systems 


in the design and 





Activities at Hughes in 
the computer field are 


Department. Experience 





application of electronic 
digital computers is 
desirable, but not 
essential. Engineers and 
physicists with back- 
grounds of component 
development or system 


Culver ; : sae be 
engineering are invited 

City, to apply. 

Los Angeles 

County, 

California 





ADVERTISING INDEX -- FEBRUARY, 1954 


The purpose of COMPUTERS AND AUTOMATION is to be factual, useful, and understandable. 
For this purpose, the kind of advertising we desire to publish is the kind that answers 
questions, such as, What are your products? What are your services? And for each 
product, What is it called? What does it do? How well does it work? What are its 
main specifications? Adjectives that express opinion are not desired. We reserve 
the right not to accept advertising that does not meet our standards. 

Every advertisement in this issue, we believe, is factual and objective. For these 
reasons, we think that the advertising is likely to be worth reading. So far as we 
can tell, the statements made are reasonable, informative and worth considering. 


Following is the index to advertisements: 
Advertiser CA No. Subject 


Alden Products Co. Computer Components 
Audio Instrument Co. Time-Delay Unit 
Automatic Electric Co. Relays 


Computers and Automation Advertising; Back Copies; 
Reply Form 


Ferroxcube Corp. of America Magnetic Core Materials -- 
Ferrites 


Hughes Aircraft Positions in Computer Work 


Intelligent Machines Research Corp. Electronic Reading of Printed 
Characters, etc. 


Laboratory for Electronics Solid Delay Line 
Monrobot Corp. Monrobot Computer 
Raytheon Manufacturing Co. Tape Handling Mechanisms 


Remington Rand Inc. ERA 1103 Automatic Computer 


Sprague Electric Co. Boro-Carbon Resistors 


If you wish more information about any of the products or services mentioned in one or 
more of these advertisements, you may circle the appropriate CA No.'s on the Reader's 
Inquiry Form (see page 33), and send that form to us -- we pay postage (see the in- 
structions). We shall then forward your inquiries, and you will hear from the ad- 
vertisers direct. 


=» o4 = 














